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ABSTRACT
Radio Astronomy Explorer (RAE) I observations of thunder-
storms over regions of low man made noise levels are analyzed
to assess the satellite's capability for noise source differ-
entiation. The investigation of storms over Australia indicates
that RAE can resolve noise generation due to thunderstorms from
the general noise background over areas of low man made noise
activity.
Noise temperatures observed by RAE over stormy regions are
on che average 10DB higher than noise temperatures over the same
regions in the absence of thunderstorms. In order to determine
the extent of noise contamination due to distant transmitters
(Z 10,000 km distant) comprehensive three dimensional computer
ray tracings were generated. The results indicate that generally,
distant transmitters contribute negligibly to the total noise
power, being 30DB or more below contributions arriving from an
area immediately below the satellite.
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1.0 INTRODUCTION
The Radio Astronomer Explorer (RAE) I satellite has over
the past two years furnished both new and significant informa-
tion regarding the noise environment due to terrestrial sources
both on Earth's surface and at a 6000km altitude.
In addition to providing a means of examining large scale
variations in the spatial and temporal distribution of noise
sources. RAE appears to possess the potential for the detec-
tion and analysis of thunderstorm activity. Preliminary results
of t'he analysis of thunderstorms occurring over the United States
were presented in some detail in the final report under contract
NA55-23121.
Very briefly, the results indicate that the high levels of
man made noise over the United States tend to make it difficult
to resolve the noise contribution of the thunderstorm from the
general noise background.
This final report, examines the results of thunderstorm
observations over the northern central highlands of Australia
where one expects man made noise levels to be considerably lower.
It is our contention that if the assessment of the results of
the United States thunderstorm observations are correct, it will
be possible to more easily differentiate thunderstorm activity
from the general noise background over regions of low man made
noise.
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A final important area of consideration is the application
of three-dimensional computer ray.tracing techniques to the
cases of thunderstorm activity over Minnesota and RAE noise ob-
servations over Pretoria, South Africa, both cases having been
discussed in the final report on Contract NAS5-23121.
The Australian storms are presented in Section 2, followed
by the application of ray tracing techniques presented in
Section 3.
The effects of spatial and temporal variations in ionospheric
penetration frequency on the observed noise at RAE altitude are
considered throughout this report and accounted for auantitatively
where possible.
ORIGINAL PAGE IS
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2.0 INDIVIDUAL THUNDERSTORM ANALYSIS
The determination of RAE's capacity to distinguish between
noise emanating from active thunderstorms and the general noise
background in the absence of storm activity has been an important
facet of the overall investigation of terrestrial radio noise as
observed by RAE. A number of individual thunderstorms occurring
over the United States have been investigated and reported upon
(J. Herman, et al, 1973). However, as a result of the large pro-
jected antenna beam from a height of 6000km coupled with the high
density of man made noise sources within the United States, energy
added by individual thunderstorms although detectable, represents
a small perturbation to the general noise background.
In an attempt to eliminate much of the man made noise back-
ground two thunderstorms occurring over the northern central
highlands of Australia have been investigated in detail. This
particular region is relatively free from man made noise sources
and interfering transmitters. Hence, the contribution of an indi-
vidual thunderstorm within the viewing area should be more easily
resolved than was the case for the United States.
Before presenting the analytical results of the storm observa-
tions over Australia, the theory relating the variation in viewing
area, local critical frequency, observing frequency, and RAE antenna
parameters to the received noise power will be presented.
2.1 ELEMENTARY THEORY
The formulation of a general theory of the functional relation-
ship between noise power and observing frequency is quite difficult.
Nevertheless, with certain simplifying assumptions and a careful
choice of RAE location and observation period a relationship is
derived which yields results in good agreement with earlier theo-
retical studies, and perhaps more significantly with experimental
observations.
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Figure 1 illustrates a simplified view of the relationship
between the noise at the ground, the intervening ionosphere and
the terrestrial noise at the satellite. It assumes with flat
earth geometry that the ground is visible to the satellite at a
height over a circular area of radius R, and the noise is uni-
formly distributed throughout the area. The radius might be
fixed by the ionosphere, the antenna area projected to the.ground,
or the size of the thunderstorm; at present, the ionosphere appears
to be the dominant factor.
The power flux density incident at the satellite P (WM-2Hz- )
is P T (1)s A ss
where K is Boltzmann's constant, As it the RAE antenna aperture,
and T is the equivalent antenna temperature measured by RAE.
Similarly, the power flux density radiated by a point source at
the ground is: KT
p = (2)
g A
g
Assuming that the energy is radiated isotropically into the
half-sphere above the ground, the power flux density at a distance
D due to the sources in an elemental area of the extended source
(Figure 1) will be:
PG RdRde
sdP 2fD (3)
Where D = R 2 + H 2 when RAE is vertically above the extended source
center.
The total power flux density is at the satellite is, then,
R f 2f P RdRde
Ps 0 q (R - H)(4)2T ( + 14
To make the integration tractable, we have considered only cases
where the predicted f0F2 contours are of a circular nature surround-
ing the area in question. Under these circumstances, the expression
can be integrated directly with the following result:
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(R 2  + H2 )
P = -2P In , (5)
s g H
Since the effective antenna area is:
A 2 GA =
4'1T
Where G is the gain and X the wavelength, eqs. 1, 2, and 5 combine
to form:
(R2 + H
2 )
T = T G 1 (6)
s g s n H 2
Where T is now the temperature which would be measured at the
ground with an omni-directional antenna (G =1), and G is the gain
g s
of the RAE antenna.
If ionospheric refraction is neglected and the ionosphere is
assumed to have a critical frequency of f and a virtual height of
c
300 Km, the relationship between the ratio of critical to observing
frequency (f) and the great circle distance (L) between a point
source and the subsatellite point can be shown to be (Herman, et al
1973):
sin2 (L/Re)
fc 1 39(7) ORIGINAL PAGE IS
Where Re = 6370 Km the earth's radius.
For a spatially constant critical frequency or an ionosphere
concentric about the subsatellite point L=R, the effective viewing
area can be deduced from a knowledge of the critical frequency dis-
tribution.
To summarize the limitations of equation 6; (a) the source
temperature is probably not constant over the whole viewing area,
so T represents the average temperatures that would be measured
g
by placing an omni-directional antenna at a number of locations
within the viewing area; (b) because R equals the satellite hori-
zon (-6500 Km) with no ionosphere, the flat earth approximation
breaks down when the critical frequency is sufficiently low; (c)
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the viewing area is circular only when the critical frequency
throughout the viewing area is either constant or concentrically
distributed about the subsatellite point.
The events selected for the analysis are within limitations
(b) and (c), but the results are necessarily the average ground
noise temperature over the whole viewing area.
2.2 RESULTS OF THUNDERSTORM ANALYSIS OVER AUSTRALIA
The basic objective of the analysis is to determine the differ-
ence in received noise power as a function of frequency on RAE
passes over a given region during and in the absence of thunder-
storm activity.
Since in addition to the restrictions imposed by (b) and (c)
above, further limitations are imposed by either data being unavail-
able for a particular period of thunderstorm activity or RAE not
passing over the region of thunderstorm activity at the appropriate
time, only two storms were available for analysis.
The first of the storms occurred on December 2, 1968 at 0210LT
over Alice Springs, Australia located at 240 south latitude and
1340 east longitude. The second- storm over Charleville, Australia
260 S, 1460 E took place on August 21, 1969 at 0900LT.
Figure 2 illustrates the salient features of the December
storm. As indicated in the figure, the noise factor F in decibels
a
above 2880K is plotted as a function of frequency for both the
storm pass, indicated by the black circles, while the blackened
squares and triangles indicate the noise factor measured respec-
tively, over the same location five and ten days later, in the
absence of known thunderstorm activity. Additionally, the CCIR
predicted noise factor is also plotted as a function of frequency
for comparison with the observational data.
The antenna temperatures were averaged over a three minute
interval centered about the time of closest approach to the storm
location both during the storm and on the control pass to establish
ORIGINAL PAGE IS
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a representative effective temperature, Ts. Considering the iono-S
sphere to be the limiting factor in the size of the viewing area,
each frequency sees a different area, the highest frequency cover-
ing the largest area. For the December storm the critical. fre-
quency was such that 3.93 and 4.7MHz were completely shielded by
the ionosphere. This situation prevails during each of the con-
trol days where 3.93MHz is shielded on December 12 and both 3.93
and 4.7MHz are below the critical frequency on December 7.
The measured values of f F2 taken at Mundaring, Australia
supplemented by the CRPL predicted values of critical frequency
determine the viewing area boundary, i.e. R in equation (4).
As oointed out earlier only areas which are approximately circular
or can be reasonably constrained to circularity were considered.
In these cases R Z L where L is determined from eg. (7). For the
December storm the critical frequency distribution and hence the
satellite viewing area is nearly circular over a large section
of the continent and the elementary theory has been applied in
a straight forward manner.
The limiting value of F f 2 within the viewing area boundaries
on the storm day is 6MHz. This value has been adjusted on the
basis of the measured f F2 of 5.4MHz at Mundaring, Australia on
December 2, 1968 at 0200LT and the CRPL predictions for the same
time period.
An examination of figure 2 indicates that the noise factor
on the day of the storm is some 10DB higher than the control day
noise levels. This seems to bear out the earlier contention that
thunderstorm activity can be more easily resolved in regions
where man made noise is relatively low.
In this particular case, the control day noise factor dis-
tribution is only slightly higher than the CCIR predicted distri-
bution. As will be presently shown, quite the contrary is true
for the August storm where there is as much as a 15DB difference
in noise level at 6.55MHz.
OF POOR QUALITY
Analytical Systems Engineering
COR ORATiON
Figure 3 illustrates the important features of the analysis of
the August storm. Again, for the frequencies 6.55. and 9.18MHz,
a difference in noise factor of approximately 10db exists between
storm and control passes, while the storm temperatures are some
25db higher than the predicted noise temperatures. Hence, there
is a substantial difference between observational and predicted
noise levels. Since the ionosphere effectively shielded RAE at
3.93MHz and 4.7MHz on the control pass, no comparison can be made
between storm and control days. However, on the storm pass, noise
factors on 3.93MHz and 4.7MHz are 20db and 15db, respectively,
higher than predicted values. Furthermore, the slope of the storm
spectrum is positive, comparing favorably with the predicted spec-
trum slope. It is possible to conjecture that if observations
could have been made on the control pass, the slope of the noise
spectrum would remain positive and therefore the noise factors
on the lower frequencies would be at least somewhat below the
storm levels. Any attempt to assign precise values, however,
would be purely speculative.
The August storm is complicated by the fact that the criti-
cal frequency is not circularly distributed over the region of
interest. Consequently, certain assumptions must be invoked,
which cloud the analysis.. North of the storm location the pre-
dicted critical frequency is 9.5MHz, increasing as one goes fur-
ther in a north easterly direction. In the north westerly direc-
tion toward Indonesia and China the critical frequency remains
sufficiently low but changes considerably for small azimuth changes.
For southerly directions the f0F2 contours are circular in nature
and fulfill the integration criteria of the elementary theory.
To compensate for the lack of complete circularity the
limits of integration of equation (4) were adjusted for both 8
and R. Since the overall f0F2 distributions are quite similar
on both the control and storm passes, the same adjustments were
applied in both cases. Consequently, differences of noise factor
between storm and control day remain valid while comparison with
predicted noise factors becomes somewhat tenuous. This' may very
likely account for the fairly large deviations shown in figure 3.
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The analysis of thunderstorm activity over northern central
Australia, significant for the relatively low man made noise
levels which prevail, indicates that severe thunderstorm activity
can be more easily resolved here than, for example, over the
United States. The two storms investigated show at least a 10db
difference in noise factor between storm and control days. Direct
comparison with CCIR predicitons in the case of the Charleville
storm suffer from the unfavorable fOF2 distribution which prevailed,
necessitating ad hoc changes in the RAE integrated viewing area.
In the case of the Alice Springs storm, where the criteria of the
elementary theory are satisfied, comparison between observational
and predicted noise factors is favorable.
ORIGINAL PAGE IS
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3,0 TRANS-IONOSPHERIC PROPAGATION ANALYSIS
To study in detail the question of what fraction of the
received noise can be attributed to sources-on the ground directly
below RAE compared to that penetrating the ionosphere at great
distances, it is important to utilize the capabilities of a three
dimensional ray tracing program.
Earlier investigations not involving computer ray tracing have
shed a great deal of light on this question (NA55-23121). These
results very strongly suggest that nearly all of the radiant energy
intercepting RAE arrives from an area immediately below the satellite
while direct interference from distant transmitters.is negligible
and can be ignored. This conclusion is based on four factors:
1. Where ground based measurements were available,
direct comparison between concurrent RAE and
ground based receiver measurements yield ex-
cellent correlation (J.Caruso, 1973). This
precludes the possibility of energy arriving
at the satellite from remote locations after
multiple ionospheric reflections, at least for
the specific cases investigated.
2. In every case examined (approximately 1000 cases)
where RAE was on the day side and therefore
shielded by the ionosphere in the localized
region immediately below, the noise level sim-
ply did not ever exceed the cosmic noise back-
ground. This most emphatically indicates that
negligible amounts of radiation arrive from trans-
mitters located on the nightside.
3. "Ground break through" as observed by the burst
receiver when RAE I crosses over the sunrise-sun-
set terminator, clearly indicates that the dominant
N source of energy reaching the satellite comes
from the area beneath the satellite. This effect
O " is discussed in greater detail by Herman, et al (1973).
4. Manual raytracing based on techniques formulated
by K. Davies (1965) and others reinforce the con-
clusions expressed above for a limited number of
cases.
To further investigate and substantiate these results, the ITSA
three-dimentional raytracing program of K. Davies and R.M. Jones
(1969) was employed. The program allows the user to specify electron
Analytical Systems Engineering
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density profiles on the basis of measured values of electron
density at any geographic location in addition to standard iono-
spheric models such as the Chapman Layer model. The program also
has the capability of tracing rays through the ionosphere up to
RAE heights and beyond. However, it does not have a "homing"
feature; it will not automatically adjust elevation and azimuth
angles to search out thosespecific rays which pass directly through
the receiver location. The user must do his own iteration by judi-
cious selections of elevation and azimuth.
Ray traces were computed for a 10,000 KM path between Urumschi,
China and St Cloud, Minnesota in addition to a propagation path
from Urumschi to Pretoria, South Africa. These paths were selected
since a number of high powered transmitters are located at Urumschi
operating within the RAE bandwidth centered at 9.18 M:Iz and the fact
that these paths have been subjected to an extensiveearlier investi-
gation. Manual ray tracing over these paths show. that very little
energy can arrive from distant transmitters either directly or from
relatively remote areas, after multiple reflections. No direct paths
exist and severe losses are incurred for multi-hop paths. As will
be revealed shortly, the three dimensional ray tracing has bolstered
these results and furnished additional detailed information along
the path trajectories.
The electron density profiles used as an input to the program
are based on experimental observations and represent average condi-
tions at discrete locations along the path for a specific season
and time of day. The profiles for three times of day corresponding
to three positions on the path, at the transmitter, mid-path, and sub-
satellite point is read into the computer over a range of heights
from 60 to 6000 Km. The °program linearly interpolates to determine
values of electron density at intermediate points along the path.
The D-region profiles are taken from R.W. Knecht (1966) and
J. Belrose (1966), and consist of electron density profiles determined
by rocket experiment, partial reflections experiments, and cross mod-
ulation measurements. The data is selected to represent normal
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conditions at an intermediate level in the solar activity cycle.
E and F-region profiles are also taken from Knecht. The
F-region profile extends to the F-region peak somewhere in the
neighborhood of 350 Km. Above the peak, from 350 Km to 6000 Km
the electron density as a function of height is based on measure-
ments made at the Jicamarca radar observatory near Lima, Peru (K. L.
Bowles, 1963).
The program has essentially been utilized in the two dimen-
sional mode; that is, the azimuth angle remained fixed. Conse-
quently, off-great circle path propagation. between the transmit-
ter and RAE has not been examined. However, in light of the ray
tracing results and the earlier investigations alluded to above,
off-great circle propagation appears to be insignificant unless
a very unique set of conditions prevail.
Figures 5 through 9 illustrate the ray tracing results
for the China to Minnesota path. Figure 10 shows the ray paths
computed by manual ray tracing for the same path. The thunder-
storms in progress over Wisconsin and Minnesota, and the 3-State
region of Kansas, Oklahoma, and Nebraska occurred on the night of
15/16 September 1969. RAE passed near these areas heading south-
west at about 0420UT ( %2115LT). At the transmitter location day-
time ionospheric conditions prevailed, the time being approximately
1000LT. Looking at Figure 4, the daytime electron density pro-
file at the transmitter location indicates an electron density of
9.6 X 105 cm- at the F-layer maximum. For the case of quasi-
longitudinal propagation, the critical frequency can be calculated
using the following expression from Davies (1965):
SORIGINAL PAGE IS
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where N is the electron density. The calculated value of f F2
using 9.6 X 10 5cm- for the electron density is approximately 8.7
MHz. Therefore, we would not expect any ray on frequencies of
8.7 MH2 or less to penEt rate the ionosphere in the vicinity of the
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transmitter. Figures 5 and 6 illustrate these results clearly.
The transmitter is located at the far left of the figures. A
portion of the Earth's surface between the transmitter and RAE
is divided into 100 Km increments from zero to about 10,000 Km,
which is the approximate position of the RAE's subsatellite
point (RAE height is approximately 6000 Km). Both figures depict
ray traces for an observing frequency of 6.55 MHz for the extra-
ordinary ray. Since the extraordinary critical frequency is higher
than that of the ordinary ray, a lack of ionospheric penetration
displayed by this ray insures that the ordinary ray will likewise
be unable to penetrate the layer. In Figure 5 the elevation angle
has been varied from to 60 and the figure indicates there are
no paths to RAE either directly or after multiple reflections.
Figure 6 displays the raypaths on 6.55 MHz for elevation
angles ranging from 700 to 900. Again, there is no penetration
of the F-layer. The ground range extends only 2000 Km for the nine
hops specified in this case. It is quite possible that, for the
high elevation angles, rays would penetrate the F-layer at some ground
range greater than 2000 Km. However, even after the nine hops
specified, the loss incurred is sufficiently great to make any energy
contributions from the transmitter negligible.
The situation is in general much the same for 9.18 MHz. The
results are summarized in Figures 7, 8, and 9. Figure 7 illustrates
the extraordinary ray paths for elevation anglesfrom 0 to 600 in 100
increments between Urumschi and St. Cloud where the ray has been cur-
tailed after 9 hops. Notice that the rays penetrate on 6 and 7
hops at elevation angles of 300 and 400 respectively. This is in
good agreement with the results of the manual ray tracing. From the
earlier analysis these multihop paths are more than 30 dB lower than
the RAE measured temperatures.
A partial trace of the ordinary ray for the same range of ele-
vation angles is depicted in Figure 8. Many of the ray paths have
been cut-off after one or two reflections due to a malfunction of the
plotter. However, the digital output indicates that the ray paths
closely follow the extraordinary rays, penetrating the ionosphere
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on 6 and 7 hops at slightly steeper elevation angles.
Figure 9 is a more detailed trace of the extraordinary rays
over the range of elevation angles for which penetration takes place.
Elevation angle has been varied in 10 steps from 350 to 450 for a
total of 11 rays each of which penetrate on either the 6 or 7 hop.
Again, we would emphasize that large losses are incurred be-
cause of the multiple hops and that the rays which do intercept RAE
some 10,000 Km down range and at a 6000 Km height are seen by the
Vee antenna side lobes, resulting in a further reduction in noise
temperature as compared to sources below the satellite veiwed by the
main lobe.
On the basis of the content of Figures 5 through 9, it appears
clear that the noise temperature measured by RAE while over Minne-
sota was uncontaminated by either 9.18 or 6.55 MHz transmitter inter-
ference emanating from the Urumschi locale. Since as far as it is
possible to ascertain this region represents the prime source of
transmitter interference on these frequencies, we have concluded
that the prime contributors to the RAE measured noise temperature
in this case are those sources encompassed by the main antenna beam
viewing an area of varying extent immediately below the satellite
depending on observing frequency.
The case of a transmitter located on the nightside with RAE
on the dayside has been considered in detail and the results are
shown in Figures 11 through 18. The transmitter location is again,
Urumschi, China with RAE over Pretoria, South Africa at an azimuth
of 450
Figure 11 illustrates elevation angles ranging from 00 to
900 in 100 increments. As can be seen from the figure, for elevation
angles of 200 or greater rays readily penetrate the ionosphere.
Since RAE is about 6000 Km above the subsatellite point, some 10,000
Km down range from the transmitter, the penetrating rays are not re-
ceived by RAE's antenna.
Since the ray at 100 elevation is trapped in the F-layer and
has been traced only out to 5000 Km ground range, a series of ray
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tracings were computed to ascertain whether the 100 ray or
neighboring rays would penetrate the ionosphere further down
range and reach the satellite.
The ray paths for elevation angles from 00 to 200 in 2. in-
crements are shown in Figure 12. As can be seen from the figure,
the rays are unable to penetrate the ionospheric layer. However,
additional information is furnished by this particular trace since
rays with elevation angles of approximately 180 become trapped in
the F-layer after single ionospheric and ground reflections.
Figure 13 depicts a bundle of rays with elevation angles rang-
ing from 18.20 to 19.8 in .20 increments. In the same manner the
rays either remain trapped in the layer or are simply reflected with-
out penetration.
The ray at an elevation angle of 18.80 has been traced out to
a ground range of 10,000 Km as shown in Figure 14. At a range of
approximately 6600 Km, the ray emerges from the ionosphere toward
the surface where it is unable to penetrate the ionospheric layer
after further reflections. This behavior is representative and
typical of the bundle of trapped rays illustrated in the preceeding
figure.
One further possibility has been explored and this is the case
of a direct path to RAE for take off angles less than, but very close
200. Figure 15 shows the ray path at an elevation angles of 19.90.
This ray is unable to penetrate the layer. At 19.959 as shown in
figure 16 the ray penetrates the layer maximum but is not in the
neighborhood of RAE as the ray proceeds outward with very slight re-
fractive effects evident.
Figure 17 depicts the propagation path for two rays at ele-
vation angles of 19.94 and 19.95 , respectively. Again the rays
propagate through regions quite remote relative to RAE. It is
important to note that the rays propagate over very similar paths
both where refractive effects are large.near the F-layer maximum.
and at greater 'altitudes where the propagation paths are essentially
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linear. This enables one to draw valid conclusions concerning,
for example, ray paths for elevation angles between 19.94 and
19.950
Accordingly, it is reasonable to state that rays between
19.94 and 19.950 will not exhibit any bizarre characteristics.
Rather they will closely follow the paths indicated in Figure 17.
Similarly, in-the case of the trapped modes illustrated earlier,
on the basis of the behavior of the ray path at 18.80, it can be
concluded that neighboring rays will behave in analogous fashion.
The propagation characteristics on 6.55 MHz and 3.93 MHz are
shown in Figures 18 and 19. As was expected there are no paths
either direct or after multiple reflections to RAE.
The more significant results for the Urumschi to Pretoria
path with a nighttime ionosphere over Pretoria and the transmitter
on the dayside are depicted in Figures 20 and 21. The figures il-
lustrate both the ordinary and extrordinary rays for elevation
angles form 00 to 600. There are no direct paths to RAE, and
although paths exist after multiple reflections, the energy arriving
at the satellite is negligible due to the severe reflection losses.
The ray tracing results substantiate and reinforce the con-
clusions drawn from earlier studies in most encouraging fashion.
Most significantly, the quite sophisticated Davies and Jones ray
tracing program yield results in excellent agreement with manual
ray tracing utilized in prior analysis of both the northern China
to Minnesota path and the Urumschi to Pretoria path. Consequently,
the Davies and Jones program completely validates the contention that
the Minnesota storm analysis and the Pretoria comparison with ground
based measurements (J. Herman, 1973) are uncontaminated either by
direct path interference or multiple hop remote arrival of energy.
from distant transmitters.
Further, a detailed ray tracing with regard to the case of
d.istant transmitters on the nightside with RAE on the dayside vali-
SLites the extensive experimental observations of the noise tempera-
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ture when the satellite is on the dayside. Observation invariably
indicates noise levels equal to or below the cosmic noise background.
It is expected that distant transmitters will contribute negligibly
and ray tracing confirms this.
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ORIGINAL PAGE IS
4,0 SUMMARY AND CONCLUSIONS OF POOR QUALITY
Results of a more sophisticated investigation of trans-
ionospheric propagation between distant transmitters and RAE when
over Australia, fully substantiate the contention that energy ar-
riving directly from distant transmitters is inconsequential, con-
tributing only negligibly to the total noise power. Furthermore,
for the specific cases studied, energy arriving after multiple re-
flections from locations outside the viewing area directly below RAE,
suffer severe loss and hence do not contribute significantly to the
total noise power.
Although the ray tracing investigation has been confined of
necessity to a limited number of cases which have been elucidated
upon above, it is felt the conclusions drawn have a more general
validity. For multiple hop paths in the neighborhood of 10,000 Km,
there will always exist large absorption losses due to two or more
passes through the D-Region. Additional losses result from scattering
and absorption losses due to ground reflections. The multiple hop
path losses suffered will generally reduce energy arriving via this
mode to negligible amounts.
Direct propagation paths are not an important consideration
for observations over Australia which is surrounded by large bodies
of water free of man-made noise. In fact, for the range of ele-
vation angles considered,direct paths do not exist. A careful study
of the ray traces indicates that, by induction, there would be no
direct path for any elevation angle choosen. This is in accord with
the large body of observational data which has been studied both
for times and locations above, in addition to times and locations
reported on under earlier contract (NA55-23121).
In order that a direct path from a distant transmitter be
present and also contribute significantly to the total noise power
at the satellite, a number of conditions must be satisfied: the
transmitter must be relatively high powered; the electron density
profile in the neighborhood of the transmitter must be such that
rays are able to penetrate; if rays are able to penetrate, very few,
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if any will suffer that precise amount of refraction necessary
for the rays to intercept the satellite. For this energy to be
significant, the maximum power point of the main antenna beam must
point in the direction determined by this small range of elevation
and azimuth. This condition does not obtain for the given geometry.
Although large energy contributions via direct paths are cer-
tainly conceivable and possible, given the rather stringent conditions
which must be fulfilled, they are not very probable.
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